Abstract The cavitating flow in a cascade of three hydrofoils was investigated by experimental means and numerical simulation. Experiments on the 2D-hydrofoils cascade were carried out at Darmstadt University of Technology in a rectangular test section of a cavitation tunnel. A numerical model developed at LEGI (Grenoble) to describe the unsteady behaviour of cavitation, including the shedding of vapour structures, was applied to the hydrofoils cascade geometry. Results of both experimental and numerical studies show a strong interaction between the cavities of each flow channel besides the typical selfoscillation of cloud cavitation. A detailed comparison of the results allows an interpretation of the interaction mechanisms to be proposed. (1999), and the stabilising effect of a small obstacle modifying the foil suction side has been more particularly studied. In the present paper, the cavitating flow in a cascade of three hydrofoils was investigated by experimental means and numerical simulation. Experiments on the 2D-hydrofoils cascade were carried out at TUD in a rectangular test section of a cavitation tunnel. Transient wall pressure signals were measured, treated to evaluate the dominant frequencies and used to perform conditional sampling of images of the cavitating flow. Images of the cavitating flow were taken synchronously with the pressure transients to provide further information about the cavitation dynamics.
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Numerical models of unsteady cavitating flows using single fluid approaches have been developed in recent years. In such models, the same velocity is assumed for liquid and vapour phases in the two-phase zones. Vaporisation and condensation of the fluid are managed using a barotropic state law, a mass transfer equation or a bubble dynamic model. Besides applications of different models to quasi-steady cavitating flow, some studies focused on unsteady cloud cavitation phenomena in Venturi-type ducts (Delannoy and Kueny 1990; Reboud et al 1998), around hydrofoils in cavitation tunnels (Kubota et al. 1992; Reboud and Delannoy 1994; Song and He 1998; Sauer and Schnerr 2000) or in centrifugal pumps (Hofmann et al. 2001) . Numerical simulation of the stabilising effect of a small obstacle placed in the cavitation sheet area (Hofmann et al. 1999) shows the ability of such a model to catch localised hydrodynamic effects. Recent extension to blade cascades representative of inducer geometries (Coutier-Delgosha et al. 2000) allows instabilities due to the presence of sheet cavitation on the different blades to be predicted, showing a reliable agreement with experimental observations (Joussellin et al. 2001 ).
In the present paper, the numerical model, developed at LEGI (Grenoble) to describe the unsteady behaviour of cavitation including the shedding of vapour structures, was applied to hydrofoil cascade geometry. Comparisons of experimental and numerical results are performed to analyse the interaction between the cavitating flows in the different channels.
Experimental set-up
The object of the investigations was a cascade of three hydrofoils, located in a test section with a rectangular cross section of 30·100 mm (Fig. 1) . The hydrofoils can be adjusted to different angles of attack in a range of ±10°a ccording to different flow rates in a centrifugal pump. The flow can be illuminated and observed through a lateral window. Illumination was done with a stroboscopic light source, and images were taken with a CCD camera (PCO sensicam). A piezoresistive pressure transducer (Kulite XTM-190 M) with a frequency range up to 125 kHz was also mounted in the window. The membrane was connected to the flow by a small, short opening. The geometry of the hydrofoils and sensor position are shown in Fig. 1b . The sensor was mounted above profile 1, the positions above profiles 2 and 3 were additionally used for postprocessing of the numerical results. The test section was part of a closed hydraulic loop. Flow rate and static pressure could be varied in order to achieve different cavitation conditions. In the case presented hereafter, the hydrofoils were held at a 5°angle of attack, and the inlet velocity V ref was equal to 14 m/s. Image illumination and acquisition and pressure signal recording were both triggered by a personal computer. Signals were sampled with 100 kHz and stored in a transient recorder. Storing started with 50% pre-trigger, thus the image was taken in the middle of the measurement. Images and measurements were read out and stored on the personal computer. Every image was then related to a part of the pressure signal. Unfortunately, parts of the black coating of the channel wall detached during image acquisition, leaving some bright stains around the hydrofoils.
Signal treatment
Power density spectra of the pressure signals showed two dominant frequencies for each signal. To extract those frequencies from the very noisy pressure signal, a more careful method was applied to the records.
First the signals were split offline at 100 Hz into highand low-frequency parts by high-and low-pass filtering respectively. The auto-correlation function was then calculated from both parts. The function of a fully periodic signal would show several peaks, each with a maximum of one. The first is located at zero shifting, the others at positive and negative multiples of cycle duration. Due to the frequency variation of a real signal, these peaks do not have a maximum of one. If the variation is seen as a phase difference between successive periods, the maximum value of the first peak next to the centre is the cosine of this phase difference. The more remote peaks decline exponentially with their distance from the centre. The frequency variation can therefore be calculated from the peak value at cycle duration. Both the frequencies and their variation are shown as functions of the cavitation number r in Fig. 2 .
In contrast to frequency estimation by Fourier transformation, this process delivers a unique fluctuation frequency even of very noisy signals. Furthermore, it is possible to directly derive a frequency instability. The use of this information is described below. In power density spectra, such an unstableness appears as a broadening of the amplitude peak, which is hardly quantifiable.
The higher frequencies correspond to the cavitation self-oscillation behaviour characterised by a Strouhal number between 0.2 and 0.3. The lower frequency was presumed to be related to a coupling of the cavitation on the three hydrofoils. To verify this presumption, images were associated with the phase angle of the low-frequency fluctuation. 
